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GENERAL INTRODUCTION 
While the amino acid requirements for growing and finishing pigs have 
been examined in detail, amino acid requirements for lactating sows were 
not actively researched until the 1970's. In fact, the National Research 
Council (N. R. C., 1973) requirements were based on calculated values that 
were presented by Baker et al. (1970). 
Lodge (1962) stated that the requirement of a lactating animal con­
sisted of the sum of the amount secreted in the milk, the amount utilized 
in the secretion of milk and the requirement for maintenance. 
The factorial method provides useful estimates of the amino acid 
requirements, but there are several possible errors in the assumptions used 
for calculation. It is necessary to know the yield and composition of milk 
and the efficiency with which the nutrient in question is utilized. Also, 
the maintenance requirement for the lactating sow may not be the same as 
the maintenance requirement for the nonpregnant sow. 
Baker et al. (1970) considered the requirement to consist of two com­
ponents: maintenance and milk synthesis. Daily amino acid requirements 
were based on maintenance requirements determined for nongravid, nonlactat-
ing gilts (Baker et al., 1966a, 1966b, 1966c; Baker and Allee, 1970) and an 
assumed milk yield and composition. Speer (1975) using the same factorial 
method also calculated the lactating sows requirement but used milk compo­
sition values from Bowland (1966), Duee and Jung (1973) and Elliott et al. 
(1971). His calculations resulted in a reduction of all indispensable 
amino acid requirements except arginine and histidine. 
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The detorminatian of metabolic and/or production parameters has been 
used extensively for the estimation of amino acid requirements for growing-
finishing swine. The estimation of these factors become more difficr\t in 
the mature sow because she is not growing, and she is producing milk (Lewis 
and Speer, 1975a). Since 1971 several workers have conducted trials using 
a multiple parameter approach (Lewis and Speer, 1975a) to define the lac­
tating sow's requirement (Ganguli et al., 1971; Lewis and Speer, 1973, 
1974b, 1975b; Ramamurthy and Stothers, 1974; Haught and Speer, 1977). The 
measurements taken by these workers included pig weight gain, milk produc­
tion, milk composition, nitrogen retention, plasma free amino acids and 
plasma urea. 
The quantity and quality of dietary protein fed during lactation is 
important in controlling pig gain and milk production. Holden et al. 
(1968) reported increased pig gain and milk protein content as dietary pro­
tein level was increased from 8 to 20%. Other workers have reported 
increased gain with increased protein (Mahan et al., 1971a, 1971b; Grifo 
and Mahan, 1974). 
Protein quality (amino acid balance) has a direct effect on milk pro­
duction. Responses of both milk yield and pig gain have been maximized at 
or near the dietary level of the amino acid being studied that was esti­
mated to be the requirement (Lewis and Speer, 1973, 1974b, 1975b; 
Ramamurthy and Stothers, 1974; Haught and Speer, 1977). 
Nitrogen balance trials have been used extensively to estimate protein 
and amino acid requirements in growing and gravid swine. The problems 
associated with nitrogen balance trials using lactating animals have hin­
dered the use of balance trials with lactating sows. The measurement of 
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milk yield and nitrogen content, along with the separation of litter feces 
have been problems encountered with lactating sows. 
Lewis and Speer (1973) concluded that a sow receiving 100 grams of 
nitrogen daily (with optimum amino acid balance) could maintain nitrogen 
equilibrium. Several workers have used maximum nitrogen retention, along 
with maximum milk and nitrogen yield, to estimate the requirement for vari­
ous amino acids (Ganguli et al., 1971; Lewis and Speer, 1973, 1974b, 1975b; 
Kaught and Speer, 1977). The ideal situation would be a maximization of 
nitrogen retention in conjunction with maximum milk production to yield a 
zero nitrogen balance. 
The relationship between composition of dietary protein and changes in 
plasma amino acid patterns has been extensively studied (Puchal et al., 
1962; Lucas et al., 1969; Nordstrom et al., 1970; Davey et al., 1973; Itch 
et al., 1974). Robinson et al. (1974) using 34 kg pigs established corre­
lation coefficients relating plasma amino acids levels to dietar citent 
for isoleucine, leucine and valine of 0.99, 0.88 and 0.92, respectively. 
Sauberlich and Salmon (1955), Longenecker and Hause (1959), Hill et al. 
(1961), Dean and Scott (1965), McLaughlan and Illman (1967), Leung et al. 
(1968), Clark et al. (1973) and Noda (1975) all reported that the plasma 
amino acid pattern of animals fed an amino acid deficient diet is charac­
terized by a very low concentration of the limiting amino acid. It is pos­
tulated that if an amino acid is limiting in the diet, a major proportion 
will be used for protein synthesis, and only a small amount is left to 
accumulate in the plasma (Fisher et al., 1960; Harper and Rogers, 1965; 
Sugahara et al., 1969; Chavez and Bayley, 1976). 
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Mitchell et al. (1964) showed that the amino acid under study remained 
at a low, constant level in the plasma until a certain dietary level was 
reached, after which there was a sharp and usually linear increase. Sev­
eral workers have reported that the plasma concentration of the limiting 
amino acid remained low until the dietary requirement was met, then 
increased rapidly, with higher dietary levels (Zimmerman and Scott, 1965; 
Mitchell et al., 1968; Bravo et al., 1970; Stockland et al., 1970, 1971; 
Oestemer et al., 1973; Henry et al., 1976; Woerman and Speer, 1976). 
Ganguli et al. (1971), Lewis and Speer (1973, 1974b, 1975b) and Haught 
and Speer (1977) have used plasma amino acid response curves in estimating 
amino acid requirements for the lactating sow. A rapid increase in plasma 
concentration of the amino acid under study corresponded to the dietary 
level which resulted in maximum pig gain, milk and nitrogen retention. 
Mitchell et al. (1968) concluded that the use of plasma amino acid concen­
tration gave a better indication of amino acid status of the animal than 
did nitrogen retention. 
An imbalance of an amino acid causes an increase of synthesis and 
excretion of urea (Salmon, 1958; Harper et al., 1970). Lewis and Speer 
(1973) reported plasma urea concentration reflected total urea excreted in 
the urine. Therefore, a minimization of plasma urea should indicate an 
optimum amino acid balance. 
3-Methylhistidine 
The utilization of amino acids is a complex function involving the 
synthesis of new proteins and the breakdown of existing proteins. The 
study of tissue protein breakdown in vivo is difficult because of the 
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normal recycling of amino acids. To overcome the problem of recycling, it 
would be desirable to identify an amino acid marker of muscle protein 
breakdown. Such a marker should process the following characteristics 
(Young and Munro, 1978): 
1. Amino acid is modified chemically after peptide bond synthe­
sis. 
2. Chemically modified group does not undergo exchange once it 
appears in the protein bound amino acid. 
3. Concentration is known or constant in muscle protein. 
4. Amino acid is not formed to an important extent in other tis­
sues. 
5. Amino acid is released at the same time as other amino acids 
are released from the completed protein. 
6. Amino acid is not reutilized for protein synthesis. 
7. Amino acid does not undergo further metabolism in the body. 
8. Amino acid has a low renal threshold. 
9. Amino acid is quantitatively excreted in the urine. 
Asatoor and Armstrong (1967) and Reporter (1969) suggested that 
3-methylhistidine may be used as an amino acid marker of protein breakdown 
since 3-methylhistidine was found to be a component of actin. Subsequently, 
3-methylhistidine has been isolated from the globular head of the myosin 
heavy chain (Johnson et al., 1967). There is one mole of 3-methylhistidine 
per mole of myosin heavy chain in the myosin of white muscle fibers, but it 
is absent in the myosin of fetal muscle, of cardiac muscle and of red mus­
cle fibers (Trayer et al., 1968; Kuehl and Adelstein, 1970). 
Three approaches have been taken to validate the use of 3-methylhisti­
dine as an amino acid marker of muscle protein degradation. First, that 
it is not resynthesized into peptide chains. Secondly, that it is quanti­
tatively excreted via the urine in a readily identifiable form. Third, 
that the major portion of total body 3-methylhistidine content is present 
in skeletal muscle. 
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Using in vitro techniques. Young et al. (1970) were unable to isolate 
any charging of stripped t-RNA when incubated with 3-methylhistidine. An 
in vivo administration of labeled 3-methylhistidine failed to produce 
detectable radioactivity in the t-RNA extracted from a muscle pH 5 enzyme 
fraction (Young et al., 1972). This contrasted with a high degree of radio­
isotope incorporation achieved with labeled histidine or leucine. 
The methyl group of S-adenosylmethionine is donated to the histidine 
residue on the nascent polypeptide of actin and myosin (Hardy et al., 
1970; Krzysik et al., 1971). Reporter (1973) reported that the methyl 
group was added to the histidine residue after release from the ribosome. 
Most of the radioactivity following administration of {^ C^} methyl-
3-methylhistidine to rats, rabbits or chickens appeared in the urine 
(Cowgill and Freeberg, 1957). Only trace levels of radioactivity appeared 
14 in the feces, and no CO^  was found in the respired air with either orally 
or intravenously administered {^ C^} methyl-3-methylhistidine in rats (Young 
et al., 1972). These observations have also been confirmed in humans by 
Long et al. (1975). However, Milne and Harris (1978) were able to recover 
less than 25% of the administered radioactivity in seven days following 
injections of {^ C^} methyl-3-methylhistidine in 25 to 60 kg pigs. 
In rats the urinary radioactivity is located in two major compounds, 
unchanged 3-methylhistidine and N-acetyl-3-methylhistidine (Young et al., 
1972). The proportion of nonacetylated to N-acetyl-3-methylhistidine 
decreases with age, body weight and increased protein quality (Young et al., 
1972; Omstedt et al., 1978). In contrast, in the adult human, less than 5% 
of the total urinary radioactivity appears as the N-acetyl form (Long 
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et al., 1975). Whether the N-acetylation of 3-methylhistidine occurs in 
other experimental or farm animals remains to be explored. 
Haverberg et al. (1975b) assessed the 3-methylhistidine content of 
different body organs except skin and intestines. He found that the total 
3-methylhistidine content of tissues other than muscle were quite small 
(less than 1%). The contribution of 3-methylhistidine by skin and intes­
tine has been estimated to account for 10-17% of the total 3-methylhistidine 
excretion (Nishizawa et al., 1977a, 1977b). Thus changes in urinary 
3-methylhistidine excretion in response to protein intake may, in part, 
reflect changes in skin and intestinal catabolism. 
Protein turnover in muscle of growing rats is sensitive to changes in 
protein quality and energy intake (Waterlow and Stephen, 1968). Garlick 
et al. (1975), using continuous infusions of isotopically labeled amino 
acids, have demonstrated alterations in the rates of both protein synthesis 
and breakdown of muscle in response to changes in dietary protein and 
energy intake. This implies that diet should affect the quantity of 
3-methylhistidine excretion- Omstedt et al. (1978) found a high correla­
tion (r=0.78) between the total daily excretion of 3-methylhistidine and 
protein quality determined by net protein utilization in rats. 
Growing rats fed adequate protein and energy grew rapidly and excreted 
increasing amounts of 3-methylhistidine. Rats restricted in protein intake 
lost weight, and daily excretion of 3-methylhistidine decreased. When 
refed adequate protein, both growth rate and daily 3-methylhistidine excre­
tion increased at a rate parallel to controls. Restriction in both protein 
and energy resulted in weight loss. However, there was an initial rise in 
3-methylhistidine excretion followed by a decrease in 3-methylhistidine 
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excretion (Haverberg et al., 1975a). When only protein is restricted, mus­
cle protein is conserved through a reduction in protein breakdown. If both 
energy and protein are restricted, protein breakdown increases initially, 
but subsequently muscle protein is conserved as other energy supplies are 
mobilized. 
Very little work has been conducted on 3-methylhistidine excretion in 
farm animals. Harris and Milne (1977) and Milne and Harris (1978) have 
reported that 3-methylhistidine is not a valid index of protein degradation 
in sheep or swine. Intravenous injections of {^ C^}-methyl-3-methylhistidine 
in 25 to 60 kg pigs and subsequent quantitative collections of urine pro­
duced recoveries of less than 25% in seven days. Also, less than half the 
radioactivity excreted was as 3-methylhistidine, showing extensive metabo­
lism of the 3-methylhistidine. Animals slaughtered 10 days after injection 
had high levels of radioactivity in the perchloric acid extract of the mus­
cle. Ion exchange chromatography of these extracts showed that 99% of the 
radioactivity was associated with a single component (Milne and Harris, 
1978). Rangley and Lawrie (1976) have reported that 3-methylhistidine 
occurs in pig muscle as a nonprotein bound component which they identified 
as the dipeptide balanine (B-alanyl-3-methylhistidine). They also found 
that the balanine concentration increased with age. 
Milne and Harris (1978) conclude that the large body pool of nonpro­
tein 3-methylhistidine and the extensive metabolism of administered 
3-methylhistidine suggest that daily urinary excretion of 3-methylhistidine 
cannot be used to quantitate muscle protein degradation in swine. 
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Branched Chain Amino Acid Antagonism 
Rose (1938) demonstrated the requirement for the branched chain amino 
acids, leucine, isoleucine and valine. Sauberlich et al. (1953) found that 
isoleucine was necessary to stimulate the growth of rats fed a com diet 
supplemented with amino acids. Leucine content of corn protein is very 
high (1.1%) while the isoleucine content of com is marginal. 
Workers at the University of Wisconsin discovered that the growth 
depression caused by the supplementation of low protein diets with 
L-leucine could he corrected by the addition of L-isoleucine. They postu­
lated that an antagonism existed between the two components because of the 
structural similarity of the two amino acids. The excess leucine somehow 
prevented the normal utilization of isoleucine (Harper et al., 1954). 
Further investigation at the same laboratory established that all three 
branched chain amino acids are mutually antagonistic but not in equal 
degrees. Thus, while 3% added leucine in low protein diets cause substan­
tial growth depression which is corrected by the addition of small quanti­
ties of isoleucine and/or valine, the supplementation of 6Z isoleucine. or 
valine causes little growth depression (Harper et al., 1955). 
Spolter and Harper (1961) fed young growing rats diets consisting of 
9% casein with additional 3, 5 or 7% L-leucine. On each treatment the 
response was the same, an initial weight loss with a lag period after which 
growth resumed at a less than normal rate. The extent of the weight loss 
and the length of the lag time were dependent on the level of leucine addi­
tion. The addition of 0.16% L-isoleucine and 0.15% valine to the 5% addi­
tion of leucine resulted in growth rate equal to that of the controls. In 
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this, as in other antagonism studies, changes in body weight reflected the 
changes in food consumption. 
When rats are fed diets containing excess leucine, their feed intake 
is greatly reduced by the second day and gradually increases depending upon 
the severity of the excess (Harper et al., 1955; Benton et al., 1956; 
Spolter and Harper, 1961). In fact, the rats prefer a protein free diet to 
a diet containing excess leucine (Peng et al., 1975). The feeding of a 
high protein diet before the feeding of the antagonistic ration will pre­
vent the depression in feed intake (Krauss and Mayer, 1965). The implica­
tions of changes in feed intake will be discussed later. 
Changes in feed intake and growth rate are not the only changes 
related to antagonistic diets. Rogers et al. (1962) found an inverse rela­
tionship between the plasma concentration of the amino acid fed in excess 
and the remaining two branched chain amino acids. When'a diet with addi­
tional leucine was fed, there was substantial rise in the leucine plasma 
concentration and a decrease in the plasma isoleucine and valine concentra­
tion. 
In summary, an excess of one of the branched chain amino acids 
increases the nutritional requirement for the structurally similar other 
two amino acids. In this respect, leucine has the most pronounced effect. 
When this increased requirement causes the nonsupplemented amino acids to 
become growth limiting, feed intake is depressed and growth rate decreases. 
Possible explanation of the excess amino acid antogonistic response in 
an aniisal examined thus far incluJes palatability (Benton et al., 1956; 
Krauss and Mayer, 1965; Harper et al., 1955), stomach emptying (Rogers 
et al., 1962; Peng et al., 1972), digestion (Spolter and Harper, 1961), 
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nitrogen balance (Spolter and Harper, 1961) and urinary excretion (Spolter 
and Harper, 1963). While some differences were found in each of these 
sites, these changes were too small to account for the changes associated 
with an antagonistic diet. 
If the branched chain amino acids are absorbed by a common transport 
system, the competition for this transport system could account for the 
lowered plasma levels of the two amino acids when the third amino acid is 
fed in excess. Betz et al. (1975) has found that isoleucine and valine are 
competitive inhibitors for the transport of leucine into brain cells. Of 
these, valine was more competitive than was isoleucine. 
Kamin and Handler (1952) found that intestinal isoleucine absorption 
was depressed in the presence of leucine. Hagihira et al- (1960) made the 
same observations using both an ^  vivo and an ^  vitro system. Rogers 
et al. (1962) concluded that this depressed absorption could account for 
the changes in plasma amino acid patterns. 
Both nitrogen and carbohydrate absorption were impaired when rats were 
force fed a valine free diet (Kimura et al., 1975). This impairment in 
absorption was improved by the refeeding of the amino acid. 
Little evidence could be found for specific competition between leu­
cine and isoleucine when Delhumeau et al. (1962) studied the intestinal 
absorption of amino acid mixtures, including the branched chain amino acids. 
It seems that the branched chain amino acids are transported by a com­
mon carrier system. It also seems that there is competition among the 
amino acids when present in high concentrations. Also, disproportionate 
concentrations of amino acids influence the rate of both nitrogen and car­
bohydrate absorption. These effects are observed when segments of the 
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intestinal tract are studied. However, these effects seem to be of minimal 
significance when applied to the whole animal. The large area of the 
intestine compensates for the local competition. 
In the upper part of the duodenum, the concentration of the excess 
amino acid would be highest, and the competition could be at its greatest. 
In this segment, absorption of the excess amino acid would be very high. 
As ingesta passes down the tract, the concentration of the excess amino 
acid would decrease at a greater rate than the two inhibited amino acids. 
As the concentration of the competitive amino acid declines, the competi­
tion will diminish. In the lower parts of the small intestine, the compe­
tition will have been removed, and the remaining branched chain" amino acids 
will be equally absorbed. 
Since the branched chain amino acids have similar structure, one might 
expect that they compete with each other during protein synthesis in the 
same manner as synthetic amino acid analogs compete. Indeed, the KNA 
codons differ only in the first nucleotide for these amino acids. If one 
of the amino acids was in excess, this competition would lead to the 
decreased incorporation of the other two amino acids into proteins. 
Spolter and Harper (1963) found that excess leucine does not inhibit 
the synthesis of tryptohan pyrolase following the injection of tryptophan. 
They also found that the rate of liver regeneration in partially hepatecto-
mized rats is not changed by excess leucine. 
Buse et al. (1975) postulated that leucine may be involved in regula­
tion of protein synthesis. The plasma levels of leucine influence the 
brain concentrations of the branched chain amino acids. The disturbed con­
centrations in the brain results in decreased or altered protein synthesis 
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in the brain (Peng et al., 1972, 1975; Tews et al-, 1979). Goldberg and 
Chang (1978) reported that leucine can stimulate protein synthesis and 
retard protein degradation in muscle. This special role that leucine has 
in protein synthesis regulation may play a role in its influence on the 
plasma levels of the other branched chain amino acids. 
As previously stated, the feeding of high levels of leucine in low 
protein diets results in high plasma levels of leucine with a depression of 
isoleucine and valine plasma concentrations even though these amino acids 
are not the first limiting amino acids. In the diets that Rogers et al. 
(1962) fed, threonine was the first limiting amino acid. After eating the 
control diet, the plasma concentrations of threonine fell. If 5% L-leucine 
was added to the diet, the plasma concentrations of isoleucine and valine 
fell. This effect has been observed in both men and rats (Nakagawa et al., 
1975; Hambraeus et al., 1976). These changes in plasma concentrations are 
also reflected in other tissues (Peng et al., 1972, 1975). 
It is well-recognized that the antagonism caused by an excess of leu­
cine depresses feed intake after two days and that feed intake will then 
gradually return to normal. This depression in feed intake results in a 
weight loss and slower weight gains for the animal (Spolter and Harper, 
1961; Krauss and Mayer, 1965; Peng et al., 1972, 1975). 
Spolter and Harper (1961) increased feed intake of diets containing 
3, 5 or 7% added L-leucine with the injection of insulin. When leucine was 
low (3%), the insulin stimulated the feed intake of most of the animals, 
and their growth rate increased to control values. As the level of leucine 
was increased to 5 and 7%, the insulin injections resulted in high mortal­
ity from hypoglycemia. Those animals that did survive did eat more and did 
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grow better than animals receiving no insulin but not as well as controls 
receiving no leucine. 
These observations from antagonism studies are similar to observations 
from amino acid imbalance studies. Both feeding regimens result in a 
depression of feed intake which results in decreased growth rate. Both 
feeding regimens also result in altered plasma amino acid patterns. This 
suggests that feed intake may be depressed due to the altered plasma amino 
acid patterns to maintain homeostatsis within the animal. 
Krauss and Mayer (1965) found that the feed intake depression from 
high protein diets or imbalanced diets was independent of the hypothalamic 
mechanism for normal control of feed intake. They proposed a "safety 
valve" to limit the accumulation of nitrogen compounds or amino acids which 
cannot be metabolized or synthesized into protein. Prefeeding a high pro­
tein diet (which stimulates nitrogenous compound catabolism) will eliminate 
this appetite depression. Feed intake may be controlled by the plasma 
amino acid concentration which in turn alters the amino acid pattern in the 
brain and thus brain protein synthesis (Peng et al., 1975). Peng et al. 
(1972) reported finding a feed intake control center in the anterior prepy-
riform cortex which responds to disproportionate amino acid intake. 
Explanation of Dissertation Format 
The leucine trials reported in this dissertation were submitted foi 
publication to the Journal of Animal Science and is scheduled for publica­
tion in the August 1979 issue under the authorship of D. L. Rousselow, 
V. C. Speer and D. G. Haught. Trial 1 of the leucine article "was^ 'conducted 
by D. G. Haught and U. C. Speer. The valine trial reported in this 
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dissertation will be submitted for publication to the Journal of Animal 
Science under the authorship of D. L. Rousselow and V. C. Speer. 
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SECTION I. LEUCINE REQUIREMENT OF THE LACTATING SOW 
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INTRODUCTION 
The leucine requirement for the lactating sow has been calculated by 
Re id (1961), Baker et al. (1970) and Speer (1975). Their estimates range 
from 0.65 to 1.33% of the diet. We have no knowledge of experiments con­
ducted to determine the leucine requirement for lactating sows- Using 
multiple parameters described by Lewis and Speer (1975a), two trials were 




In each of two trials, 25 Landrace x Yorkshire sows (third through 
seventh parity) were selected on the basis of previous satisfactory per­
formance and were randomly assigned to five dietary treatments for a 21-day 
lactation. Animals were fed 2.27 kg once daily of a 12% protein corn-
soybean meal diet until parturition and then were fed experimental diets at 
5.5 kg daily in two equal feedings during lactation. 
In trial 1, hominy feed, gelatin, corn sugar, soybean oil, wood flock, 
vitamins, minerals and indispensable amino acids were used to formulate a 
basal diet (Table 1) containing 0.44% leucine. This diet was supplemented 
with L-leucine to provide levels of 0.44, 0.64, 0.84, 1.04 and 1.24% leu­
cine. L-glutamic acid was used to maintain isonitrogenous diets. The 
basal diet was calculated to contain at least the minimum requirements of 
all essential nutrients, except leucine, at recommended levels (NRC, 1973). 
A second trial was conducted using dried beet pulp with molasses^  to 
replace the hominy feed (Table 1). Supplementation with L-leucine produced 
diets with 0.26, 0.36, 0.46, 0.66 and 1.06% leucine. Diets were maintained 
isonitrogenous with L-glutamic acid. All essential nutrients, except leu­
cine, were provided at recommended levels (NRC, 1973). 
Sow and litter management in both trials were similar to that of Lewis 
and Speer (1973) with two exceptions. Sow backfat thickness was not meas­
ured, and milk yield was measured at hourly intervals for 9 consecutive hr 
(Lewis and Speer, 1975b) rather than for 15 hours. Litters were equalized 
S^upplied by Westway Trading Corp., 6800 France Av. S., Minneapolis, 
MN 55401. 
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Table 1. Composition of basal diets'^  
Percent 
Ingredients Trial lb Trial 2^  
Hominy feed 30. 00 
Dried beet pulp with molasses — — 32, .00 
Gelatin 6, ,50 8. ,00 
Com sugar 49. 35 41. 58 
Dicalcium phosphate (26% Ca, 18% P) 2. 30 2, .30 
Calcium carbonate (38% Ca) 0. ,50 0. 50 
Iodized salt 0. ,50 0, ,50 
L-glutamic acid 2. 55 1. ,58 
Soybean oil 4. ,80 10. ,00 
Amino acid premix 1, 20 1, 44 
Solka floe  ^ 1, ,70 1, .50 
Vitamin premix 0. 45 0, .45 





,00 100. 00 
D^iets were maintained isonitrogenous with L-glutamic acid. 
L^-leucine added to provide 0.44 (basal diet), 0.64, 0.84, 1.04 and 
1.24% leucine in the experimental diets. 
L^-leucine added to provide 0.26 (basal diet), 0.36, 0.46, 0.66 and 
1.06% leucine in the experimental diets. 
C^ontributed the following per kilogram of diet: vitamin A, 4400 lU; 
vitamin D, 1100 lU; riboflavin, 6.6 mg; pantothenic acid, 17.6 mg; niacin, 
33 mg; vitamin B _, 22 ug; pyridoxine, 2 mg; choline, 1300 mg; vitamin E, 
11 mg. 
C^ontributed the following in milligrams per kilogram of diet: Zn, 
100; Fe, 50; Mn, 27.5; Cu, 5.0; Co, 0.50, I, 0.75; K, 1000; Mg, 150; Se, 
0.05. 
A^nalyzed 11.47% and 12.5% crude protein, respectively. 
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Table 1 (continued) 
Indispensable amino acid composition 
Trial 1 
supplied by 
Amino acid Hominy feed Gelatin Premix Total (%) 
Arginine 0. 15® 0. ,35 — 0. ,50 
Histidine 0. 06® 0. 04 0. 14 0. ,24 
Isoleucine 0. 14 0. 06 0. ,16 0. 36 
Leucine 0. 30 0. 14 — 0. ,44 
Lysine 0. 12 0. ,20 0. 26 0. ,58 
Methionine 0. 03 0. ,05 0. 08 0. ,16 
Phenylalanine 0. 19 0. ,09 0. ,12 0. ,40 
Threonine 0. 08 0. ,08 0-,14 0, ,30 
Tryptophan 0. 03® — 0. 08 0. ,11 
Valine 0. 15 0, ,09 0. ,15 0. 39 
Indispensable amino acid composition 
Trial 2 
supplied by 
Amino acid Dried beet pulp Gelatin Premix Total (%) 
Arginine 0. ,05® 0, ,43 — 0. ,48 
Histidine 0, ,03® 0. ,06 0. ,15 0. ,24 
Isoleucine 0. 07 0. ,10 0. ,19 0. ,36 
Leucine 0, ,09 0. ,17 — 0. ,26 
Lysine 0. ,10 0. ,25 0. ,23 0. ,58 
Methionine 0. ,02 0. ,06 0. ,07 0. ,15 
Phenylalanine 0. 05 0. 11 0. 24 0. 40 
Threonine 0. 01 0. 10 0. 19 0. 30 
Tryptophan 0. 02® — 0. 09 0. 11 
Valine 0. 05 0. ,11 0, .28 0. ,44 
C^alculated value. 
21 
to nine pigs at 3 days of age. Sows were bled by anterior vena cava punc­
ture on days 7, 15 and 21. Milk yield was measured on days 14 and 20, with 
milk samples obtained on days 15 and 21. From day 15 to day 20, nitrogen 
balance was measured. 
Plasma, urine and milk samples were stored at -20 C until analyzed. 
Feed, feces, urine and milk samples were analyzed for nitrogen content and 
the milk for total solids content by AOAC (1975) methods. Plasma samples 
were analyzed for urea (Marsh et al., 1965) and for free isoleucine, leu­
cine and valine by gas-liquid chromatography using a modification of a 
procedure described by Kaiser et al. (1974). Samples of the hominy feed, 
gelatin, dried beet pulp with molasses and complete feed were hydrolyzed by 
the method of Conkerton (1974) and analyzed for indispensable amino acids, 
except arginine, histidine and tryptophan, using gas-liquil chromatography 
(Kaiser et al., 1974). 
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RESULTS AND DISCUSSION 
Trial 1 
Milk yield, average pig weight gain and sow weight change are shown in 
Table 2. There were irregular treatment responses (P<.01) in milk yield at 
day 20 and in milk yield averaged for day 14 and day 20. Average pig 
weight gain was correlated (r=0.83) with milk yield, but the pig gains did 
not differ (P>.05) among treatment groups. Sow weight change did not 
respond (P>.05) to dietary leucine levels. 
Table 2. Milk yield, pig weight gains and weight changes of sows fed dif­
ferent levels of leucine—trial 
Dietary leucine, % 
Item 0.44 0.64 0.84 1.04 1.24 CV, 7. 
Milk yield, kg/day 
Day 14 5.92 6.01 5.38 5.99 5.31 15.13 
Day 20"^  5.52 5.85 4.78 6.05 5.08 12.67 
Meanf 5.72 5.93 5.08 6.02 5.19 9.23 
Avg. pig wt. gain 
7-21 days, kg 1.82 1.86 1.47 1.82 1.66 17.85 
Sow weight change, kg -5.4 -8.2 -4.7 -7.9 -6.1 
F^ive animals per treatment. 
C^oefficient of variation was calculated from replicate x treatment 
mean squares. 
T^reatment effect quartic (P<.01). 
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Total solids concentration (Table o) increased quadratically (P<.01) 
on day 21 and for the average of the two periods (P<.05) as dietary leucine 
increased. Maximum solids concentration was obtained with 1.04% dietary 
leucine. Total milk solids production was different (P<.01) among the 
treatments and seemed to be related to milk yield. Milk protein concentra­
tion on day 21 was maximized at 0.84% dietary leucine (P<.01). When data of 
periods were combined, milk protein concentration increased quadratically 
(P<.05). Protein production did not respond (P>.05) to dietary leucine. 
Table 3. Milk composition from sows fed different levels of leucine—trial 
1* 
Dietary leucine, % 
Period 0.44 0.64 0.84 1.04 1.24 CV, 
Total solids % 
Day 15 16.26 16.37 15.77 17.22 15.30 10. 01 
Day 21 15.21 16.12 16.57 15.80 14.94 4. 52 
Mean^  15.74 16.25 16.17 16.51 15.12 5. 62 
Total solids production 
Mean, g/day 897 950 814 988 785 18. 40 
Protein, %® 
Day 15 4.94 5.21 4.81 6.00 4.69 17. 36 
Day 21 4.52 5.21 5.57 4.85 4.80 8. 63 
Mean^  4.73 5.21 5.19 5.42 4.75 10. 39 
Protein production 
Mean, g/day 270 309 264 326 246 14. 90 
F^ive animals per treatment. 
C^oefficient of variation was calculated from replicate x treatment 
mean squares. 
T^reatment effect quadratic (P<.01) 
T^reatment effect quadratic (P<.05). 
N^itrogen x 6.38. 
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Feed refusal was encountered with two sows fed 0.84% leucine, three 
sows fed 1.04% leucine and two sows fed 1.24% leucine in total amounts that 
ranged from 9 kg to 38 kg during the 21-day lactation. About a 50% reduc­
tion in daily feed intake was recorded for one sow fed each of the 0.84, 
1.04 and 1.24% diets from the above group of seven sows. Neither average 
pig gain nor milk yield seemed to be adversely affected by the reduction in 
feed intake. Because of the variable feed intake during the nitrogen bal­
ance trial, data (Table 4) were adjusted to equal feed intake (103.2 g 
daily nitrogen) by covariance analysis. Urinary nitrogen, fecal nitrogen 
and nitrogen retention (excluding milk nitrogen) did not differ (P>.05) 
with leucine intake. Sows fed the basal diet (0.44% leucine) were near 
nitrogen equilibrium; all sows fed higher levels were in negative nitrogen 
balance. 
Table 4. Nitrogen balance of sows fed different levels of leucine—trial 1^  
Dietary leucine, % 
Item 0.44 0.64 0.84 1.04 1.24 CV, %° 
Mean daily nitrogen. 8 
Feed 103.2 103.2 103.2 103.2 103.2 
Feces 9.3 11.2 12.3 10.4 10.7 30.74 
Urine 49.9 50.7 57.9 56.8 56.1 13.46 
Retention 44.0 41.3 33.0 36.0 36.4 23.77 
Milk 43.3 48.0 39.7 49.9 38.1 14.24 
Balance 0.7 -6.7 -6.7 -13.9 -1.7 206.95 
F^ive animals per treatment; balance measured from day 15 to day 20. 
C^oefficient of variation calculated from the treatment x replicate 
mean squares. 
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The free plasma leucine (Table 5) increased (P<.01) with increasing 
dietary leucine. There was a sharp rise in plasma leucine between sows fed 
the basal diet and the 0.64% leucine diet. Both plasma isoleucine and 
valine (Table 5) decreased (P<.01) with increasing dietary leucine. No 
differences (P>.05) were observed in plasma urea concentrations (Table 5)-
Table 5. Plasma free amino acids and plasma urea concentrations in sows 
fed different levels of leucine—trial 1 
Dietary leucine, % , 
Period 0.44 0.64 0.84 1.04 1.24 CV, % 
Plasma leucine, mg/100 ml 
Day 7*^  1.12 3.08 2.56 2.35 2.14 26.97 
Day 15j 0.89 2.27 2.53 2.93 3.63 14.76 
Day 21^  0.88 2.16 2.34 3.44 3.50 17.71 
Mean^ ' 0.97 2.50 2.48 2.91 3.09 21.30 
, Plasma, isoleucine, mg/100 ml 
Mean^ ' 2.69 1.66 1.06 1.13 0.92 21.78 
, Plasma, valine, mg/100 ml 
Mean^ 'O 4.06 3.06 2.15 2.20 2.05 23.51 
Plasma urea, mg/100 ml 
Mean 30.52 27.40 28.75 30.87 30.45 21.51 
F^ive animals per treatment. 
C^oefficient of variation was calculated from replicate x treatment 
mean squares. 
T^reatment effect quadratic (P<.01). 
"^ Treatment effect linear (P<.01). 
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Trial 2 
Average pig weight gain, milk yield and sow weight change are shown in 
Table 6. Milk yield was not affected by dietary leucine on day 14. How­
ever, day 20 milk yield increased quadratically (P<.05) with maximum pro­
duction at 0.66% leucine. When data of the two periods were combined, 
average milk yield was maximized at 0.66% leucine (P<.01). There was no 
difference (P>.05) in average pig weight gain due to dietary treatment, but 
the slowest growth was observed in animals fed the basal diet (0.26% leu­
cine). Sow weight change was not affected by leucine content of diet. 
Sows in all groups lest weight from day 7 to day 21. 
Table 6. Milk yield, pig weight gains and weight changes of sows fed dif­
ferent levels of leucine—trial 2^  
Dietary leucine, % 
Item 0.26 0.36 0.46 0.66 1.06 CV, % 
Milk yield, kg/day 
Day 14 5.56 5.77 5.70 6.06 5.77 12.07 
Day 20^  5.64 5.45 5.84 6.19 5.03 9.28 
Mean^ i 5.60 5.61 5.77 6.12 5.40 7.23 
Avg. pig wt. gain 
7-21 days, kg 1.56 1.77 1.78 1.63 1.72 11.83 
Sow weight change 
7-21 days, kg -6.7 -12.1 -15.1 -14.6 -16.4 
F^ive animals per treatment. 
C^oefficient of variation was calculated from replicate x treatment 
mean squares. 
T^reatment effect quadratic (P<.05). 
T^reatment effect quadratic (P<.01). 
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Neither total solids nor protein concentration responded to dietary 
treatment (Table 7). When expressed as grams per day, total solids and 
protein production were related to milk production but were not different 
among leucine levels. 
Table 7. Milk composition from sows fed different levels of leucine—trial 
2* 
Period 0.26 0.36 
Dietary leucine, % 














Mean, g/day 251 
Total solids, % 
17.09 19.23 17.75 
24.81 25.71 22.62 
20.95 22.47 20.19 
Total solids production 
1169 1315 1184 
Protein, % (N x 6.38) 
4.71 4.75 4.93 
5.86 4.83 5.00 
5.29 4.79 4.96 
Protein production 

















Five animals per treatment. 
C^oefficient of variation was calculated from replicate x treatment 
mean squares. 
There were no differences (P>.05) in urinary nitrogen, nitrogen reten­
tion or nitrogen balance due to dietary leucine (Table 8). In sows of all 
but the 0.46% leucine level, milk nitrogen exceeded nitrogen retention 
resulting in negative nitrogen balance. These data agree with those of 
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Table 8. Nitrogen balance of sows fed different levels of leucine—trial 2^  
Dietary leucine, % 
Item 0.26 0.36 0.46 0.66 1.06 CV, 
Feed 105.6 




Feces 11.3 11.9 11.5 10.3 9.6 27.83 
Urine 58.6 53.3 50.9 63.3 53.7 37.28 
Retention 35.7 44.8 47.6 32.0 36.7 60.16 
Milk 40.2 46.3 42.9 45.3 41.7 11.31 
Balance -4.5 -1.5 4.7 -13.3 -5.0 
F^ive animals per treatment; balance measured from day 15 to day 20. 
'^ Coefficient of variation was calculated from replicate x treatment 
mean squares. 
trial 1 in which only 0.44% leucine resulted in animals near nitrogen equi­
librium. 
Plasma leucine, isoleucine, valine and urea data are shown in Table 9. 
Plasma leucine concentration increased slightly between 0.26 and 0.46% 
dietary leucine and thereafter rose rapidly (linear, P<.01). The plasma 
isoleucine and valine concentrations decreased linearly (P<.01) and quad-
ratically (P<.01) with increasing dietary leucine. Plasma urea nitrogen 
decreased linearly (P<.01) with increasing levels of leucine. 
Discussion 
In previous reports from this station on the lactation requirement for 
lysine (Lewis and Speer, 1973), tryptophan (Lewis and Speer, 1974b) and 
isoleucine (Haught and Spser, 1977), average pig weight gain increased 
until the respective amino acid requirement was met. Pig gain, however, 
failed to respond to increasing levels of leucine in either of the trials 
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'I'.iIjIi- V. I'reo Isoliu* inc, leucine, valine and urea nitrogen in plasma of 
sows fed different levels of leucine—trial 2 
Dietary leucine, % 
Period 0.26 0.36 0.46 0.66 1.06 CV, 7" 
Day 7^  
Day 15^  






Plasma leucine, mg/100 ml 
1-43 1.57 4.47 
1.42 1.52 4.02 
1.43 1.59 4.77 









Mean'^  ' 
Plasma isoleucine, mg/100 ml 
2.44 1.49 1.24 0.86 0.83 39.16 
Mean^  ' 4.52 
Plasma valine, mg/100 ml 
3.84 2.99 2.71 2.34 28.48 
Mean*^  40.48 
Plasma urea, mg/100 ml 
36.73 33.64 34.84 31.69 21.13 
F^ive animals per treatment. 
C^oefficient of variation was calculated from replicate x treatment 
mean squares. 
T^reatment effect linear (P<.01). 
'^ Treatment effect quadratic (P<.01). 
reported here. In the first trial, the lowest level of leucine (0.44%) 
evidently met the leucine requirement (see below). The lowest level 
(0.26%) of dietary leucine in the second trial did not reduce nursing pig 
gain but did decrease milk yield. Overall milk yield and pig gain in both 
trials were less than values observed in previous trials (Lewis and Speer, 
1973, 1974b, 1975b; Haught and Speer, 1977). Since milk yield and pig 
gain were positively correlated (r=0.83) as in previous trials (Lewis 
et al., 1978), the overall reduced pig gain was probably a result of the 
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unexplained reduction in milk yield among all treatments. Leucine defi­
ciency may have been less severe in our experiments, and therefore decisive 
differences in production parameters were lacking. The extrahepatic catab-
olism of leucine (Taylor and Jenkins, 1966) may allow the sow to conserve 
leucine when fed deficient diets. Feeding leucine deficient diets to rats 
results in a decrease in dehydrogenase activity and thus decreased leucine 
catabolism (Sketcher and James, 1974; Buse et al., 1975). High intra­
muscular leucine concentrations stimulate protein synthesis and retard pro­
tein degradation (Goldberg and Chang, 1978); conversely, low intramuscular 
leucine concentrations might stimulate muscle protein degradation and 
thereby supply some of the leucine required for lactation. 
Neither trial resulted in any difference in sow weight change due to 
dietary leucine. It seems that sow weight change during lactation is not 
dependent on dietary amino acid composition because lack of response to 
this parameter has been a consistent finding (Lewis and Speer, 1973, 1974b, 
1975b; Haught and Speer, 1977). 
Leucine intake had only a slight influence on milk composition. Total 
solids and protein content increased to a dietary leucine level of 1.04% in 
the first trial but was unchanged in the second. This observation is in 
agreement with Lewis and Speer (1975b) who found only small differences in 
milk composition when different levels of threonine were fed and also 
agrees with Elliott et al. (1971) who found no significant differences In 
level of total solids and protein content among sows fed 5, 10 or 15% crude 
protein. Nitrogen retention was not affected by leucine level. When milk 
nitrogen was deducted from the retention, there were no treatment responses 
for nitrogen balance in either trial. Only two treatments (0.44 and 0.46% 
/ 
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leucine) resulted in positive nitrogen balance. Because nitrogen balance 
should be maximized when amino acid composition is optimum (Lewis and Speer, 
1973, 1974b, 1975b), 0.44 and 0.46% dietary leucine are assumed to approxi­
mate the leucine requirement. 
Plasma amino acid response curves have been used extensively to deter­
mine amino acid requirements (Mitchell et al., 1968; Bravo et al., 1970; 
Henry et al., 1976). Lewis and Speer (1974a) reported that plasma amino 
acid response curves and plasma urea concentration were useful in determin­
ing amino acid requirements. Plasma amino acid concentration remains low 
until the requirement is met, after which there is a sudden increase in 
concentration. Plasma urea concentration is high when an amino acid is 
deficient, and it decreases as the dietary amino acid balance improves. In 
both our trials, plasma leucine concentration increased sharply when 
dietary leucine was increased beyond 0.44 or 0.46% dietary leucine, indi­
cating that the leucine requirement had been reached. In trial 2, plasma 
leucine concentration rose slightly between 0.26 and 0.46% dietary leucine. 
Plasma leucine concentrations were considerably higher in trial 2 compared 
to trial 1. Differences in basal diet formulation and the proportionately 
higher addition of crystalline L-leucine to that in the basal diets might 
account for the trial differences in plasma leucine. The plasma urea con­
centration was high when dietary leucine was less than 0.46% (trial 2). 
When dietary leucine was increased beyond .46%, there was little change in 
plasma urea concentration, thus indicating that amino acid balance had been 
reached at 0.46% leucine. 
In trial 2 an adjustment from 100% to 90% availability for the crys­
talline L-leucine would increase the 0.46% leucine treatment to 0.48%. 
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Based upon the metabolic data, we conclude that lactating sows require a 
minimum of 0.46% dietary leucine during the first three weeks of lactation. 
This recommendation is 55% less than that of N. R. C. (1973), but it is 
consistent with the substantial decrease in the estimated requirement for 
leucine by the gravid gilt (Easter and Baker, 1977). They concluded that 
the gravid gilt requires no more than 0.34% dietary leucine, which is 48% 
less than recommended by the N. R. C. (1973). 
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SECTION II. VALINE REQUIREMENT OF THE LACTATING SOW 
34 
INTRODUCTION 
The valine requirement for the lactating sow has been calculated by 
Reid (1961), Baker et al. (1970) and Speer (1975). We are not aware of 
experiments conducted to determine the valine requirement for the lactating 
sow. Multiple parameter determination and measurements (Lewis and Speer, 
1975a) were used to determine the lactating sow requirement for lysine 
(Lewis and Speer, 1973), tryptophan (Lewis and Speer, 1974b), threonine 
(Lewis and Speer, 1975b), isoleucine (Haught and Speer, 1977) and leucine 
(Rousselow et al., 1979). Similarly, this approach was used to experimen­
tally determine the lactating sow's valine requirement. 
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EXPERIMENTAL PROCEDURE 
Twenty-five Landrace x Yorkshire sows (third through seventh parity) 
selected on the basis of previous satisfactory performance were randomly 
assigned to one of five dietary treatments to determine the requirement for 
valine during a 21-day lactation. Ground com, gelatin, com sugar, vita­
mins, minerals and indispensable amino acids were used to formulate a basal 
diet (Tables 10 and 11) containing 0.23% valine. This diet was supplemented 
with L-valine to provide levels of 0.23 (basal), 0.38, 0.53, 0.68 and 0.83% 
valine. L-glutamic acid was used to maintain isonitrogenous diets. The 
basal diet was calculated to contain all essential nutrients, except valine, 
at recommended levels (N. R. C., 1979). Sows were fed 5.5 kg daily in two 
equal feedings throughout the 21-day lactation period. Before parturition, 
all animals were fed 2.27 kg daily of a 12% protein corn-soybean meal diet. 
Sow and litter management was similar to Lewis and Speer (1973) with 
two exceptions. Sow backfat thickness was not measured, and milk yield was 
measured at hourly intervals for only 9 consecutive hours instead of 15 
(Lewis and Speer, 1975b). Litters were equalized to 9 pigs at 3 days of. 
age. Sows were bled by anterior vena cava puncture on days 7, 15 and 21. 
Milk yield was measured on days 14 and 20. From day 15 to day 20, nitrogen 
balance was measured. 
Plasma, urine and milk samples were stored at -20°C until analyzed. 
Feed, feces, urine and milk samples were analyzed for nitrogen content 
according to AOAC (1975). Total solids of milk were determined by 
AGAC (1975). Plasma samples were analyzed for urea (Marsh et al., 
1965), free isoleucine, leucine and valine by gas-liquid chromatography 
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Table 10. Composition of basal diet^  
Ingredients 
Com, ground 39. 34 
Com sugar 40. 00 
Gelatin 5. ,00 
Soybean oil 5. ,00 
Dicalcium phosphate (26% Ca, 18% P) 2. ,30 
Calcium carbonate (38% Ca) 0. 50 
Iodized salt 0. 50 
L-glutamic acid 4. 00 
Amino acid premix 1. ,55 
Solka floe 1. 00 
Vitamin premix  ^ 0. ,49 









L^-valine added to provide 0.23 (basal diet), 0.38, 0.53, 0.68 and 
0.83% valine in the experimental diets. Diets were maintained isonitro-
genous with L-glutamic acid. 
C^ontributed the following in milligrams per kilogram of diet: histi-
dine, 1,300; iosoleucine, 1,600; lysine, 3,300; methionine, 1,600; pheny­
lalanine, 3,700; threonine, 2,100; tryptophan, 1,000. All amino acids 
except methionine (DL-) were added in the L-form. See Table 11 for indis­
pensable amino acid composition of basal diet. 
Contributed the following per kilogram of diet: vitamin A, 4,400 lU; 
vitamin D2, 1,100 lU; riboflavin, 6.6 mg; pantothenic acid, 17.6 mg; 
niacin, 33 mg; vitamin 8^ 2» 22 yg; pyridoxine, 2 mg; choline, 1,300 mg. 
C^ontributed the following in milligrams per kilogram of diet: Zn, 
100; Fe, 50; Mn, 27.5; Cu, 5.0; Co, .50; I, ).75; K, 1,000; Mg, 150; Se, 
0.05. 
®Analyzed 11.49% crude protein. 
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Table 11. Indispensable amino acid composition 
Supplied by Total 
Amino acid Com Gelatin Premix % 
Arginine 0.20* 0.27* __ 0.47 
Histidine 0.08® 0.04* 0.13 0.25 
Isoleucine 0.16 0.07 0.16 0.39 
Leucine 0.44 0.11 0.55 
Lysine 0.10 0.15 0.33 0.58 
Methionine + cystine 0.16 0.04 0.16 0.36 
Phenylalanine + tyrosine 0.40 0.07 0.37 0.84 
Threonine 0.16 0.06 0.21 0.43 
Tryptophan 0.02* 0.10 0.12 
Valine 0.16 0.07 0.23 
C^alculated value. 
using a modification of a procedure described by Kaiser et al. (1974). 
Samples of the ground com, gelatin and finished feed were hydrolyzed by 
the method of Conkerton (1974) and analyzed for indispensable amino acids, 
except arginine, histidine and tryptophan using gas-liquid chromatography 
(Kaiser et al., 1974). 
Daily excretion of 3-methylhistidine was determined by analysis of 
hydrolyzed urine samples on the basic column of a Technicon Amino Acid 
Autoanalyzer.^  Samples were hydrolyzed in 6N HCl under nitrogen for 20 hr 
at 110°C. The hydrolyzed samples were filtered, rotoevaporated to dryness 
and dissolved in an equal part of sodium citrate buffer pH 2.2 before appli­
cation to the column (0mstedt et al., 1978). 
T^echnicon Corporation, Tarrytown, NY 10591. 
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RESULTS AND DISCUSSION 
Milk yield, average pig weight gain and sow weight change are shown in 
Table 12. Milk yield at day 14, day 20 and when the two periods were com­
bined was maximized (P<.01) at 0.68% dietary valine. Average pig weight 
gain was also maximized (P<.01) at 0.68% dietary valine. Sow weight change 
did not respond (P>.05) to dietary valine. 
Table 12. Milk yield, pig weight gains and weight changes of sows fed dif­
ferent levels of valine^  
Dietary valine, % 
Item 0.23 0.38 0.53 0.68 0.83 CV, 7. 
Milk yield, kg/day 
Day 14C)d 




















Avg. pig wt. gain 
7-21 days, kgde 1.02 1.41 1.59 1.64 1.31 19.17 
Sow weight change 
7-21 days, kg -3.4 -7.4 -5.0 -8.0 -4.4 
*Five animals per treatment. 
C^oefficient of variation (%) was calculated from the replicate x 
treatment mean squares. 
T^reatment effect linear (P<.01). 
"^ Treatment effect quadratic (P<.01). 
T^reatment effect linear (P<.05). 
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Total solids production (P<.05) and protein production (P<.01) 
increased with increasing level of valine intake, and both were maximized 
at 0.68% valine (Table 13). Percent total solids was not affected (P>.05) 
by dietary valine at either of the two time periods or when the two periods 
were combined. On day 15, protein content (nitrogen x 6.38) increased 
quadratically (P<.01) and was maximized between 0.53 and 0.68% dietary 
valine. Protein content was maximized (P<.01) at 0.68% dietary valine on 
day 21 and when the two periods were combined. 
Nitrogen balance data of sows are presented in Table 14. Fecal nitro­
gen (P<.05) and urinary nitrogen (P<-01) were minimal at 0.68% and 0.53% 
dietary valine, respectively. Nitrogen retention (excluding milk nitrogen) 
increased (quadratic, P<.01) with increasing dietary valine and was maxi­
mized at 0.53%. Daily milk nitrogen production increased quadratically 
(P<.01) with increasing valine, and as a result there were no differences 
(P>.05) in nitrogen balance (including milk nitrogen) from the addition of 
valine. 
Plasma amino acid and urea data are summarized in Table 15. Plasma 
valine concentration increased quadratically (P<.01) as dietary valine was 
increased. There was an inflection point at the 0.53% valine level, after 
which the plasma valine concentration increased sharply. There were no 
plasma valine period differences (P>.05) among the 7-, 15-, or 21-day bleed­
ings. Plasma isoleucine concentration decreased (linear, P<.01, cubic, 
P<.05) with increasing level of valine. Plasma leucine concentration also 
decreased (linear, P<.01, cubic, P<.01) with increasing level of valine. 
Plasma urea concentration responded in a cubic fashion (P<.05) and was 
minimal at 0.38% dietary valine. There was no difference in daily 
AO 
T.ibli* I I. Milk ((jiiiposition from sows fed different levels of valine^  
Dietary valine, % , 









16. 52 16.69 16.15 16 .00 14. 90 10. 43 
17. 68 16.12 15.84 16 .92 16. 44 13. 84 
17. 10 16.41 15.99 16 .46 15. 67 12. 06 
Total solids production 
774 819 873 955 803 7. 20 
Protein 
4. 54 5.11 5.62 5 .63 4. 45 13. 37 
4. 53 4.95 6.15 6 .39 5. 09 12. 27 
4. 54 5.03 5.88 6 .01 4. 77 12. 89 
Protein production^  
200 243 314 336 237 11. 72 
F^ive animals per treatment. 
C^oefficient of variation (%) was calculated from replicate x treatment 
mean squares 
c. 
Treatment effect quadratic (P<.05). 
N^itrogen x 6.38. 
T^reatment effect quadratic (P<.01). 
T^reatment effect linear (P<.01). 
T^reatment effect linear (P<.05). 
3-methylhistidine excretion among the sows receiving different levels of 
dietary valine (Table 14). 
Discussion 
Pig weight gain and milk yield increased as dietary valine was 
increased to 0.68%. In previous trials using other amino acids, both 
Al 
Tabic: J4. Nitrogen balance and 3-methyIhistidine excretion of sows fed 
different levels of valine 
Dietary valine, % 
Item 0.23 0.38 0.53 0.68 0.83 CV, 7. 
feed , 
Mean daily nitrogen, g 
101.0 101.0 101.0 101.0 101.0 
Feces ' 10.7 8.5 8.3 5.7 8,4 24.21 
Urine^  68.9 44.8 38.7 46.8 50.8 25.84 
Retention^  21.4 47.7 54.0 48.5 41.8 30.33 
Milk^ 'f 31.3 38.1 49.3 52.7 37.2 11.72 
Balance -9.9 9.6 4.7 -4.2 4.6 
3-me thylhis t idine 340 
yM/day 
224 287 284 374 56.36 
F^ive animals per treatment; balance measured from day 15 to day 20. 
C^oefficient of variation (%) was calculated from the replicate x 
treatment mean squares. 
'^ Treatment effect linear (P<.05). 
T^reatment effect quadratic (P<.05). 
T^reatment effect quadratic (P<.01). 
T^reatment effect linear (P<.01). 
parameters increased until the respective requirement was estimated to be 
met (Lewis and Speer, 1973, 1974b; Haught and Speer, 1977). Although 
overall milk yield and pig weight gain were less in this experiment than in 
the above trials, they were consistent with the most recent trials from 
this station (Woerman and Speer, 1976; Meisinger and Speer, 1979; Rousselow 
et al., 1979), and the increase in production would suggest an improvement 
in amino acid composition as in the above reports, as in the above reports. 
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Table 15. Free valine, isoleucine, leucine and urea concentrations in 
plasma of sows fed different levels of valine 
Dietary valine, % , 
Period 0.23 0.38 0.53 0.68 0.83 CV, % 
Plasma valine, mg/100 ml 
Day 7 0.87 2.28 2,49 7.61 10.30 32.95 
Day 15 0.88 2.29 2.58 7.11 11.91 24.74 
Day 21 1.01 2.13 2.80 9.34 10.04 34.32 
Mean^ * 0.92 2.23 2.62 8.02 10.75 33.64 
Plasma isoleucine, mg/100 ml 
Mean^ 'G 2.12 2.08 1.47 0.95 0.80 21.98 
, Plasma leucine, mg/lOO ml 
Mean^ ' 1.51 1.97 1.17 1.13 1.07 22.65 
Plasma urea, mg/lOO ml 
Mean® 22.84 17.84 22.90 22.26 22.70 22.89 
F^ive animals per treatment. 
C^oefficient of variation (%) was calculated from replicate x treat­
ment mean squares. 
T^reatment effect linear (P<.01). 
T^reatment effect quadratic (P<.01). 
T^reatment effect cubic (P<.05). 
T^reatment effect cubic (P<.01). 
The lack of response in sow weight change to varying dietary amino 
acid intake has been a consistent finding (Lewis and Speer, 1973, 1974b, 
1975b; Haught and Speer, 1977; Chen et al., 1978; Rousselow et al., 1979). 
Evidently, sow weight change during lactation is not dependent on dietary 
amino acid composition. 
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Valine intake failed to produce a difference in total solids content 
of the milk. This observation is in agreement with Lewis and Speer (1975b) 
who found only small differences in level of total solids when different 
levels of threonine were fed, and it also agrees with Elliott et al. (1971) 
who found no differences in level of total solids among sows fed 5, 10 or 
15% crude protein. Because milk production increased, the total solids 
production was greatest at 0.68% dietary valine. Both protein content and 
protein production were maximized at 0.68% dietary valine. Lewis and Speer 
(1973, 1974b) and Haught and Speer (1977) reported that milk protein was 
maximized at or near the level of amino acid intake that they determined to 
be the amino acid requirement. 
Sows fed 0.53% dietary valine excreted the least urinary nitrogen and ' 
retained (excluding milk nitrogen) the greatest quantity of nitrogen, thus 
suggesting the diet fed these sows was close to the optimum amino acid 
balance. When milk nitrogen was subtracted from nitrogen retention, sows 
fed 0.38% dietary valine had the highest nitrogen balance because their milk 
production was low. Sows fed 0.68% dietary valine had the highest^ milk pro­
duction and were in negative nitrogen balance. 
Plasma amino acid response curves have been used extensively to deter­
mine amino acid requirements (Mitchell et al., 1968; Bravo et al., 1970; 
Henry et al., 1976; Chen et al., 1978). Lewis and Speer (1974a) reported 
that plasma amino acid response curves and plasma urea concentration were 
useful in determining amino acid requirements. Plasma amino acid concen­
tration remains low until the requirement is met after which there is a 
sharp increase in concentration. Plasma urea concentration is high when an 
amino acid is deficient, and it decreases as the amino acid balance 
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improves. In the present study plasma valine concentration remained low 
until 0.53% dietary valine was fed then increased sharply indicating the 
valine requirement had been reached before 0.68% dietary valine. Plasma 
urea concentration failed to decrease with increasing dietary valine for 
some unexplained reason. 
The urinary excretion of the amino acid 3-methylhistidine has been 
shown to be associated with protein catabolism in skeletal muscle in rats, 
man and rabbits (Reporter, 1969; Hardy et al., 1970; Young et al., 1972; 
Long et al., 1975). Gûistedt et al. (1978) have shown a high correlation 
(r=0.78) between 3-methylhistidine excretion and protein quality as deter­
mined by net protein utilization in rats. As the protein quality increased, 
the excretion of 3-methylhistidine also increased. Milne and Harris (1978) 
have reported low urinary recovery rates and extensive metabolism of 
14 
injected { C}-methyl-3-methylhistidine in 25 to 60 kg male pigs. A major 
portion of the radioactivity was found to remain in the nonprotein fraction 
of the pig muscle. Rangley and Lawrie (1976) have reported that 3-methyl­
histidine is present in pig muscle as a dipeptide which increased in con­
centration with age. These findings would suggest that 3-methylhistidine 
is not quantitively excreted in the urine and, therefore, is not a reliable 
measure of muscle protein degradation or protein quality in swine. There 
were no significant differences in daily 3-methylhistidine excretions among 
sows fed different levels of valine in the present study. 
Considering all the responses, the data suggest that the lactating 
sow requires 0.53 to 0.68% dietary valine. Because of the widely spaced 
levels of valine, it is not possible to state the requirement more pre­
cisely. The metabolic data, plasma amino acid curves and nitrogen balance. 
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support: a requirement of 0.53% valine; however, the added response in pro­
duction criteria when 0.68% valine was fed suggests that the requirement is 
above 0.53% dietary valine. An adjustment from 100 to 90% availability for 
the crystalline L-valine would increase the 0.53 and 0.68% valine treat­
ments to 0.56 and 0-72% valine, respectively. 
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SUMMARY 
Two trials were conducted to estimate the leucine requirement of sows 
during a 21-day lactation. In trial 1, hominy feed, gelatin, corn, sugar, 
vitamins, minerals and indispensable amino acids were used to formulate a 
diet containing adequate levels of all essential nutrients except leucine. 
L-leucine was added to this mixture to produce five diets containing: 0.44 
(basal), 0.64, 0.84, 1.04 and 1.24% leucine. In the second trial, dried 
beet pulp with molasses replaced the hominy feed. Addition of L-leucine 
provided dietary levels of 0.26 (basal), 0.36, 0.46, 0.66 and 1.06% leucine. 
Twenty-five Landrace x Yorkshire sows were randomly assigned to the five 
dietary treatments in each trial. 
Pig weight gain was not influenced by dietary leucine in either trial. 
Milk production responded irregularly (P<.01) in the first trial but 
increased quadratically (P<.01) and was maximized at 0.66% leucine in the 
second. In trial 1 total solids and protein percentage increased quadrati­
cally (P<.05), but both failed to respond in trial 2. When expressed as 
grams per day, neither total solids nor protein was affected by treatment. 
Plasma urea nitrogen decreased (P<.01) with increasing levels of leu­
cine with an inflection point at 0.46% leucine in trial 2, but it was not 
changed in trial 1. The plasma leucine concentration increased sharply 
from 0.44 to 0.64% leucine and then continued to increase at a moderate 
rate in trial 1. In the second trial, plasma leucine increased gradually 
to 0.46% leucine, then increased sharply to 0.66% leucine (P<.01). In both 
trials the free plasma isoleucine and valine decreased quadratically 
(P<.01) with increasing levels of leucine. 
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The metabolic data suggest that a mature sow consuming 5.5 kg of feed 
daily requires a minimum of 0.46% dietary leucine during the first 21 days 
of lactation. 
A third trial was conducted using production and metabolic criteria to 
estimate the valine requirement of the lactating sow. Ground com, gelatin, 
corn sugar, vitamins, minerals and indispensable amino acids were used to 
formulate a diet containing all the essential nutrients except valine. 
L-valine was added to provide 0.23 (basal), 0.38, 0.53, 0.68 and 0.83% 
valine. Twenty-five mature Landrace x Yorkshire sows were randomly 
assigned to the five dietary treatments. 
Milk production and average pig weight gain increased quadratically 
(P<.01) and were maximized at 0.68% dietary valine. Total solids produc­
tion (P<.05) and protein production (P<.OI) increased with increasing level 
of valine, and both were maximized at 0.68% dietary valine. Protein con­
tent was also maximized (P<.01) at 0.68% dietary valine. 
Fecal (P<.05) and urinary (P<.01) nitrogen decreased with increasing 
valine yielding greatest (P<.01) nitrogen retention (excluding milk nitro­
gen) at 0.53% dietary valine. Because daily milk nitrogen production also 
increased (P<.01) with increasing valine, there were no treatment differ­
ences (P>.05) in nitrogen balance (including milk nitrogen). Plasma valine 
concentration increased (P<.01) gradually until 0.53% valine was fed, after 
which there was a rapid increase in concentration. Plasma isoleucine and 
leucine decreased (P<.01) with increasing dietary valine. Plasma urea con­
centration was minimal (P<.05) with 0.38% dietary valine. 
When all of the parameters measured are considered, the lactating 
sow's requirement for valine is between 0.53 and 0.68%. The metabolic data 
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support 0.53% dietary valine for the requirement; however, the maximum 
response in production parameters at 0.68% dietary valine suggests that the 
requirement is above 0.53% dietary valine. 
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APPENDIX A: STATISTICAL ANALYSIS OF LEUCINE TRIALS 
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Table A.l. Trial 1: Analysis of variance of milk yield and milk composi­
tion 
Mean squares 
Milk Total % Milk 
Source d.f. yield milk solids protein 
Treatment 4 1.8 3.0 0.9 
Linear 1 0.9 0.9 O.L 
Quadratic 1 0.0 8.2 3.cr 
Cubic 1 0.5 1.3 0.2 
Quartic 1 5.9^  1.4, 0.5 
Replicate 4 11.1® 5.9 2.3b 
Rep X Treat 16 0.5 1.6 0.6 
Weeks 1 0.9 2.6 0.2 
Weeks x Treat 4 0.2 1.8 1.3 
Weeks x Treat x Rep 20 0.6 1.5 0.6 
Total 49 1.5 2.1 0.8 
P^<.01. 
?^<.05. 
Table A.2. Trial 1: Analysis of variance of sow weight change, pig weight 
gain, daily milk solids 
Mean square 
Sow Pig Daily 
weight weight milk 
Source d.f. change gain solids 
Treatment 4 11.8 131.6 37625.9 
Linear 1 0.4 69.2 17350.9 
Quadratic 1 2.3 40.3 14588.4 
Cubic 1 0.9 2'9b 17768.4 
Quartic 1 43.7 414.2a 100796.0 
Replicate 4 10.8 543.2 86802.4 
Rep X Treat 16 55.9 95.1 9358.1 




Table A.3. Trial 1: Analysis of variance of plasma components 
Mean square 
Source d. f. Leucine Isoleucine Valine Urea 
Treatment 4 10.5® 7.9* 11.1* 32.8 
Linear 1 32.5* 24.7* 36.0 16.6 
Quadratic 1 5.4* 5.7* 7.5* 40.9 
Cubic 1 2.6* 0.8 0.1 73.7 
Quartic 1 1.5^  0.3 0.9 0.0 
Replicate 4 0.2 0.0 0.0 32.4 
Rep X Treat 16 0.3 0.1 0.3 40.5 
Week 2 0.3 0.0 0.0 54.9 
Week X Treat 8 1.5* 0.4* 1.5* 25.4 
Rep X Treat x Week 40 0.2 0.1 0.2 19.5 
Total 74 0.9 0.6 0.9 27.1 
®P<.01. 
P^<.05. 
Table A.4. Trial 1: Analysis of variance of nitrogen metabolism^  
Mean square 
Daily 
Nitrogen Fecal Urine Nitrogen milk Nitrogen 
Source d.f. intake nitrogen nitrogen retained nitrogen balance 
Treatment 4 593.0 5.6 48.4 96.6 129.3 156.8 
Linear 1 1430.7 1.6 136.3 207.6 29.9 69.1 
Quadratic 1 327.9 13.0 42.0 107.2 72.3 364.3 
Cubic 1 347.0 4.8 16.3 4.2 38.6 71.5 
Quartic I 266.5 3.8 40.2 67.4 281.9 122.3 
Replicate 4 468.1 3.4 54.4 81.5 161.9^  261.7 
Rep X Treat 15 394.7 6.1 57.0 82.1 38.4 139.6 
Total 23 441.7 9 . '  87.0 84.5 76.8 163.9 
A^ll values in table were adjusted to eqi .iized feed intake by covariance analysis. 
P^<.05. 
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Table A-5. Trial 2: Analysis of variance of milk yield and milk composi­
tion 
Mean square 
Milk Total % Milk 
Source d.f. yield milk solids protein 
Treatment A 0.36 13.98 1.64 
Linear 1 0.06 9.84 0.45 
Quadratic 1 1.2^  1.70 0.30 
Remainder 2 0.13 2.18 2.92 
Replicate 4 2.44* 9.82 0.84 
Rep X Treat 16 0.12 11.79 0.99 
Weeks 1 0.40 492.16* 3.37 
Weeks x Treat 4 0.32 3.96 0-07 
Weeks x Treat x Rep 20 0.56 3.91 0.84 
Total 49 0.88 17.78 1.06 
V.Ol. 
Table A.6. Trial 2: Analysis of variance of sow weight change, pig weight 
gain and daily milk solids production 
Mean square 
Sow Pig Daily 
weight weight milk 
Source d.f. change gain solids 
Treatment 4 25.8 0.043 20,563.5 
Linear 1 45.4 0.006 19,855.7 
Quadratic 1 5.3 0.008 27,002.3 
Remainder 2 26.2 0.078 17,698.1 
Replicate 4 100.0 0.282 158.088.0 
Rep X Treat 16 120.4 0.040 34,226.0 
Total 24 101.2 0.083 52,592.6 
64 
1:1 II 11- A./. Trial 2: Analysis of variance of plasma components 
Mean square 
Source d.f. Leucine Isoleucine Valine Urea 
Treatment 4 69. 48* 6. ,51* 11. .84* 36. 44 
Linear 1 257. .58* 16. ,06* 36. .36* 101. 06 
Quadratic 1 2. ,61 8. .37* 9. 28 16. 93 
Remainder 2 8. ,86 0. 79 0. ,87 13. 88 
Replicate 4 I. ,81 0. ,31 1. ,66 18. 68 
Rep X Treat 16 2. ,12 0. 28 1. ,12 12. 23 
Week 2 0. 29 0. ,07 0, .31 24. .52 
Week X Treat 8 0. ,21 0. 06 0. ,64 1. ,21 
Week X Treat x Rep 40 0. ,13 0. 03 0. 13 4. 40 
Total 74 4. 41 0. 46 1, .06 8. ,79 
*P<.01. 
P^<.05. 
Table A.8. Trial 2: Analysis of variance of nitrogen metabolism 
Mean square 
Daily 
Fecal Urinary Nitrogen milk Nitrogen 
Source d.f. nitrogen nitrogen retained nitrogen balance 
Treatment 4 4.4 122.9 216.5 31.7 83.5 
Linear 1 14.9 0.4 109.5 0.6 20.9 
Quadratic 1 0.4 34.9 4.4 57.5 240.6 
Remainder 2 1.4 228.1 376.0 34.5 36.2 
Replicate 4 15.4 562.6 508.2 229.9* 580.1 
Rep X Treat 16 9.2 435.1 560.1 23.9 514.4 
Total 24 9.4 404.3 494.2 59.6 453.5 
P^<.01. 
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Table B.l. Analysis of variance of milk yield and milk composition 
Mean square 
Milk % Total % Milk 
Source d.f. yield milk solids proteir 
Treatment 4 2.3* 2.9 4.4* 
Linear 1 3.9* 7.8 2.1^  
Quadratic 1 4-2% 0.3 12.6* 
Cubic 1 0.9 2.4 3.0 
Remainder 1 0.1. 1.1 0.1 
Replicate 4 3.1* 1.8 0.1 
Rep X Treat 16 0.1 3.9 0.5 
Weeks 1 0.1 3.8 1.5 
Weeks x Treat 4 0.1 2.2 0.4 
Weeks x Treat x Rep 20 0.1 4.9 0.4 




Table B.2. Analysis of variance of sow weight change, pig weight gain, 
daily milk solids 
Mean square 
Sow Pig Daily 
weight weight milk 
Source d.f. change gain solids 
Treatment 4 19.5 0.30% 25478 
Linear 1 3.4 0.33 19168, 
Quadratic 1 34.3 0.86 48051 
Cubic 1 0.0 0.01 29064 
Remainder 1 40.5 0.01 5628, 
Replicate 4 18.1 0.43* 27959 
Rep X Treat 16 52.6 0.07 7330 
Total 24 41.3 0.17 13793 
bp<.05. 
Table B.3. Analysis of variance of plasma components 
Mean square 
Source d.f. Valine Isoleucine Leucine Urea 
Treatment 4 270. 45* 5. ,72* 2. ,14* 71. 17 
Linear 1 971. 91* 21, .48* 4, .48* 25. 78 
Quadratic 1 65. 83* 0. 02 0. ,09 28. 99. 
Cubic 1 4. ,52 1. 34* 2. ,30* 121. 10 
Remainder 1 39. ,55 0. ,03 1. ,68 108. .82 
Replicate 4 0. ,67 0. ,21 0. ,10 30. ,97 
Rep X Treat 16 2. ,73 0. ,11 0, ,10 24. 70 
Week 2 0, ,81 0. 01, 0. ,26 20. 16 
Week X Treat 8 2, ,84 0. 25^  0. 28 15. 23 
Rep X Treat x Week 40 1. ,98 0. ,11 0. ,22 12. ,72 
Total 74 16. ,64 0. ,43 0. ,30 19. ,93 
P^<.05. 
Table B.4. Analysis of variance of nitrogen metabolism and 3-raethylhistidine excretion 
Mean square 
Daily 3-methyl-
Fecal Urine Nitrogen milk Nitrogen histidine 
Source d.f. nitrogen nitrogen retained nitrogen balance excretion 
Treatment 4 15.71. 655 801% 397® 308 16564 
Linear 1 27.56, 585 866 345 118 8398 
Quadratic 1 18.80® 1776^  2160^  976* 232 42657 
Remainder 2 8.25 131 88 135 441 3715 
Replicate 4 3.42 214 224 76 315 11485 
Rep X Treat 16 4.03 167 168 24 177 28934 
Total 24 5.87 256 283 95 222 24092 
®P<.01. 
bp<.05. 
